The article by Betts et al. 1 in this issue of the Journal reports detailed high-density mapping of left atrial (LA) endocardial activation by a noncontact system performed during sinus rhythm and coronary sinus (CS) pacing in nine patients with paroxysmal atrial fibrillation (AF). They accurately describe areas of block in the posterior LA wall in close proximity to the pulmonary veins (PVs) during sinus rhythm and CS pacing. They suggest that these lines of block contribute to the substrate for reentrant arrhythmias, including AF or LA flutter. The site of earliest LA endocardial activation was on the superior interatrial septum, anterior to the ostium of the right upper PV in 5 patients, in the midposterior septum, anterior to the ostium of the right lower PV in 2 patients, and on the anterosuperior septum in 2 patients. A vertical line of conduction block running from the superior to inferior right PVs was seen during sinus rhythm and CS pacing in 5 of 9 patients. Their results are important, emphasizing the role of a "posterior" rather "anterior" (Bachmann's bundle) site of interatrial breakthrough that is the first site to show disorganized activity at AF onset. Conduction block or delay in the posterior LA may provide the additional component allowing triggers to induce reentrant wavelets that may degenerate into AF. The maps appear to be accurate. Using a non-contact mapping system with a 64-electrode array on a 9-French balloon catheter, thousands of points can be collected and detailed LA geometry can be acquired. The entire endocardial activation can be mapped continuously during every beat in sinus rhythm as well as during CS pacing. The main limitation of the study is the lack of a control group, as mapping was not performed in patients without a history of AF.
also may have important implications regarding the choice of pacing sites for atrial resynchronization to suppress AF. Progressive knowledge of location and electrophysiologic properties of these connections has been derived particularly from electroanatomic studies using different complex mapping systems including the noncontact mapping or CARTO system. 3, 4 Different patterns of transseptal activation have been reported during pacing from LA. Although preferential routes of conduction from the LA to the right atrium usually are related to the stimulation sites, recent studies have shown that left-to-right interatrial conduction occurs predominantly through Bachmann's bundle, 7, 8 but this is not a universal finding. 9, 10 Clearer understanding of normal and pathological atrial conductions may create new strategies for AF prevention. Attempts to control AF by nonpharmacologic means, such as pacing and ablation, formed the impetus to use complex mapping for delineating transseptal atrial conduction in both animals and humans. These studies found that endocardial activation is far more disorganized in the LA than in the right atrium. Therefore, an LA circuit may be primarily responsible for perpetuation of AF, whereas the right atrium is activated more passively. Several studies have addressed the role of a preferential site of transseptal conduction and its ablation in prevention of AF, but the exact location of this site in AF patients has not been established. Roithinger et al. 4 reported at least three sites of transseptal breakthrough: region of CS os, fossa ovalis, and high anteroseptal right atrium at the putative insertion of Bachmann's bundle. They reported that the CS is a preferential pathway for left-to-right atrial conduction primarily during CS pacing. In agreement with these findings, Cox et al. 11 emphasized the role of cryoablation around the CS, which may constitute a connection between the LA and right atrium, for success of the maze procedure. However, limited radiofrequency applications in the area of Bachmann's bundle or midseptum also have been reported to successfully terminate AF in animals. The bundle described by Bachmann 12 in 1916 runs on top of the atria, eventually joining the sinus node and the LA. Through its privileged location, close to the sinus node, and its connection to the anterior internodal bundle, Bachmann's bundle is classically the preferential conduction pathway from the right atrium to the LA. However, several distinct sites of transseptal interatrial connections have been reported in the region of Koch's triangle, with left posterior extensions of the AV node, at the septal level, and at the CS level with connections between the CS muscle cover and the LA. Using a noncontact mapping system, Markides et al. 3 recently showed that posterior interatrial connections may be the preferential conduction pathway to the LA. Nevertheless, the LA activation pattern appears to depend on a principal line of functional conduction block that is linked to the preferential orientation of the LA subendocardial fibers. These fibers run down from the top of the LA and travel between the PV ostia before turning septally to reach the mitral annulus in its anterior and septal part. Betts et al. 13 reported prior experimental data on 13 anesthetized swine, showing that successful electrical disconnection of the atria reduces AF inducibility. The authors suggested that this approach is worthy of further evaluation as a management strategy for persistent AF, combined with device therapies. We believe that further large-scale studies are needed to assess the number and electrophysiologic characteristics of interatrial connections in patients with and without AF and their relevance for AF maintenance. Differences between the left-to-right interatrial electrical connections may exist between patients with persistent AF, paroxysmal AF, and patients without AF. Whether the preliminary observations obtained in a small series of patients have major implications for a catheter-based cure of AF and result in additional benefit in preventing AF remains unanswered. In contrast, it is conceivable that long linear lesions create new fixed obstacles to propagation, with eventual discontinuities representing an ideal substrate for large gap-related reentrant circuits. If interruption of any preferential electrical connection between the LA and right atrium by additional ablation lines results in incomplete lesions, incessant proarrhythmias likely will occur in these patients, as recently reported. 14 In conclusion, the LA endocardium appears to have multiple complex patterns of activation from the right-to-the left and/or from the left-to-the right atrium during sinus rhythm and pacing. The connections may promote interatrial macroreentry, which could have an important role in AF maintenance. In patients undergoing the circumferential PV approach, the success rate in curing both paroxysmal and permanent AF is approximately 85% at a mean of 900 days after ablation. 15 In patients with paroxysmal AF, vagal denervation can result in about 100% success. 16 We postulated that one mechanism of the circumferential PV approach is ablation of right-to-left or left-to-right connections that may play a role in AF generation. Therefore, the observations reported in the study by Betts et al. 1 are important, suggesting that elimination of interatrial communications by catheter ablation results in cure of AF.
